The alteration of wastewater from an individual home under anaerobic conditions in a partially sealed cesspit over the filling period of four months, and the pollution fluxes were assessed. The septage was much more concentrated than raw wastewater. A mass balance found percentage (%) removal rates for biological oxygen demand (BOD 5 , 78%), chemical oxygen demand (COD, 62%), total nitrogen (TN, 52%), PO 4 3À -P (67%) and total suspended solids (TSS, 69%). The percentage (%) pollution loads of emptied septage were BOD 5 (22%), COD (38%), TN (48%), PO 4
INTRODUCTION
The lack of proper on-site sanitation in unsewered lowincome areas is becoming an important source of nutrientrich wastewater leading to groundwater contamination (Munamati et al. ) . In some developing countries, about 100% of the household wastewater is discharged untreated in water bodies or infiltrates to the groundwater.
In these countries, simple systems are used for wastewater collection and treatment, with cesspits being among the most common ones. Cesspits are, therefore, considered as important non-point sources of pollution.
In the West Bank/Palestine, around 41 million cubic meters of sewage is collected in cesspits that serve 68% of the population (PWA ). Signals of groundwater pollution have been reported, e.g. nitrate (NO 3 À ) concentrations exceeding 50 mg/L. The present practice of septage disposal is mainly via an uncontrolled discharge in nearby wadis, and to a much lesser extent in public sewerage networks (PWA ). Cesspits are not considered as a treatment technology, but are rather storage systems in which some sewage treatment occurs, used to solve the problem of lack of proper collection and treatment systems. During the retention in the cesspit, the wastewater quality changes and the final quality determines the way the produced septage is further handled.
At present, only a few technical data are available in Palestine, or elsewhere, on septage quantity and quality.
The characteristics and the volume of septage data are essential for operational and design purposes of existing or newly planned urban sewage and/or septage treatment plants (Hithnawi ) .
Moreover, these data are crucial to assess the environ- sludge from pit latrines (Wilson & Harrison ) . A complete inactivation of the nitrification process was observed in one of the plants, which took several months to recover (Still & Foxon ) . A hypothesis suggests that the excessive nitrogen load discharged into the plant was the main reason (Still & Foxon ) Measurements of water consumption and raw wastewater production and sampling
The research was carried out during the period March-July 2012. At the beginning of the research, the home water supply meter was recorded daily for 30 days, and the volume of produced household total wastewater was measured. This allows calculation of the specific water consumption and wastewater production. After the first month, raw wastewater collection and sampling continued for 14 consecutive days. The tank was allowed to be filled over 24 hours, and then a representative sample was taken after thoroughly mixing the tank content.
After that, the volume of collected wastewater was measured.
Then, the tank was emptied to allow the cycle of daily collection and sampling to be repeated. The wastewater temperature, electrical conductivity (EC) and pH were measured in situ. The collected samples were stored in a cooling box at 4 W C, and directly transferred to the lab for analysis in less than 1 h.
Cesspit start-up, operation and monitoring
At the onset of this experiment, the cesspit content was emptied until reaching the rather thick sludge layer at the bottom. The dimensions of the cesspit were measured, using a tape and a long stick, but the thickness of the sludge layer could not be measured. The pollution fluxes from the cesspit were assessed based on the mass balance by calculating the total volume of influent sewage over the filling period of four months and the volume of emptied septage when the cesspit was full.
Analytical methods
The raw wastewater and septage samples were analysed for pH, temperature, EC, TSS, TDS, TKN, COD, BOD 5 , PO 4 3À -P, TtC and heavy metals according to standard methods (APHA ). Heavy metals were determined in duplicate samples that were subjected to acid digestion, and then analysed by ICP (ICP OPTIMA 3000 Perkin Elemer).
Mass balance calculations
The mass balance calculations of water and the measured parameters were carried out based on the following equations:
Volume of percolated wastewater from the cesspit to the surrounding soil ¼ volume of sewage produced over the filling period À emptied septage volume (1) Evaporation was neglected as the cesspit was a closed system, and evaporation was estimated to be less than 1% of the collected wastewater, calculated based on 1 mm/d evaporation.
Specific raw pollutant production g c =d
where : 
Individual home sewage characteristics

General characteristics
In terms of COD, the results presented in Table 1 Table 2 ).
The nitrogen concentration in the household raw wastewater was very high as compared to the TN content of municipal sewage of the whole city of Al Bireh in Palestine, which is clearly due to the very low water consumption (Table 1 ). The nitrate concentration in the raw wastewater was negligible, thus TN is equivalent to TKN (Metcalf & Eddy ).
Heavy metals
The heavy metals (Cu, Ni, Pb, Mn, Fe, Cr, Zn) concentrations in Beit Dajan individual household raw wastewater reveal that iron (Fe) and zinc (Zn) have the highest concentrations (Table 3) . Unfortunately, it was not possible to carry out a mass balance for the heavy metals, which is due to the very low concentration of these metals and the degree of sensitivity of the analysis.
Specific waste production
The specific organic matter production in terms of reported that kitchen waste contributes around 35% to the COD content of the traditional household waterborne wastes, and can even be much higher in cases where more solid waste is directed to the sewer system. Likewise for organic content, the specific P production is very low, which reflects low use of detergents, since 
Cesspit septage characteristics
General characteristics
The overall septage characteristics assessed over the whole filling period (from March to July 2012) reveal that septage is more concentrated as compared to raw wastewater (p < 0.05) ( Tables 1 and 5 ). The septage quality parameters were stable over the entire filling period, with the exception That is because the septage quality presented by the U.S.
EPA is for septage from septic tanks, which are popular in the United States, and which is basically settled, accumulated and digested sludge. The slightly high COD/BOD 5 ratio indicates that septage is of less biodegradability as compared to raw wastewater since it increased from 2.12 to 3.35. The increase in the COD/BOD ratio is due to removal of easily biodegradable organic matter through anaerobic processes in the cesspit, and accumulation of non-biodegradable or slowly biodegradable organic matter (Table 4 ).
The nitrogen concentration inside the cesspit is quite high as compared to nitrogen concentration in the influent raw wastewater due to ammonification processes of the particulate nitrogenous compounds that accumulate there 
Heavy metals present in cesspit septage
It was found that Fe in septage had the highest concentration followed by Zn as compared to other metals (p < 0.05) ( Table 3 ). The high Fe concentration is most likely due to solubilisation of iron from the ferric to ferrous form under completely anaerobic conditions in the cesspit. The dissolved oxygen in the very upper part of septage inside the cesspits was zero (data not shown).
The reference guiding and standard values presented in Table 3 
CONCLUSIONS
• The cesspit's septage is much more concentrated than raw wastewater.
• The percentage (%) removal rates in gram per capita per day (g/c d) are: BOD 5 (78%), COD (62%), TN (52%), PO 4 3À -P (67%) and TSS (69%).
• The percentage (%) pollution loads of emptied septage are: BOD 5 (22%), COD (38%), TN (48%), PO 4 3À -P (33%) and TSS (31%).
• • Most of the TN removed, equal to 52% of the TN load to the cesspit, will most likely infiltrate into the surrounding soil, and may reach the groundwater.
• The thermotolerant coliforms removal in the cesspit is inadequate from an environmental perspective.
• The septage quality parameters were stable over the entire filling period, with the exception of COD and TS that increased with time due to accumulation.
• The cesspits should be replaced by proper on-site or offsite wastewater management systems.
